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e Cose Y, Movan ad. FaseKesda? Grokh {1062) hnwe shown that the
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3. _The covering of apherical virus parzislesn: loss of infectiviiy

The problem of covering a sphevicnl virus particle by a sufficien
aumber of cylizdrical soiibodies standing norpcoliy so ies uiesface, thus
preventing virus <entoct with heelihy cells, hee boea outlined in Suctiunél
Wé saw that this voe reducidble to the gespotrizal problee »7 coveriiy &
sphere randomly by civowlnr caps, e&sd cap uuﬁeend1ns & helf angle?%’na
its centra,

Morap and Farekss de St.Groth have poisted ouv iv their papss (iSH:}
that the prodlem is & generaiiverion of Stevans® 112320} rendom dintribusinm
of i arces of lengih % on & rircle of unit ciscumberoncs, oy vhich the

3
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bUoing orivemely ingeniond opproaimution mevheods, ond asgveing ;?«uf\'l
to ta gmall oy of nodrrate eide (ng in ¢he zase vhere &w 53.02% ?or the
sphavs of yadiug kO ng, , sad on ausirody of Leagth 27 wes b, end b2 nurder

of wpngversd reglons 10 Palow & Peoissen din%ributism, Morsn cnd

Fazekas de St.Uroth obtoined the esyuptosis probability of coverngn for

large . ac
! ~ ‘ P} raﬁ ¥ "“t/i
L 4 2.7 h,
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Theee eagulio cogoester gith e kiowledge of the gni'{é isrugged in

Sevsion ¥, sdAlow ve fo aouxidar changus in the loms of infestli ity
.“ . . £ ¢ o - .
2ot B0~ the eate whoere the ;(uiﬁﬂz’;} are deterministie, we night
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Thi‘s p:roﬁ,;iez g iniicatio& of the deyendence on viss of tho logs «f
inﬁgs‘siviiﬂyc Tus remarks ueen in order.  Pirst, 1% is clewr that siane
i'm-' Q 1}- Qo the ragulis givan by Murar and Pazekar dez St Groth are ssyinp-
unt,u: for large miues of 1, it 18 nsvessery for gosd approximaticss whar
the nunber 8 of adplecements be Jargd.  Sevendly, vhlle 2or almpidcivy
14 tha wnlsl, ve bave alloved rendom atcachment 46 the aavibody in sey
pogition on the sphericel virvs weikin, there ace In fasl only 8 fired
nimbey of spplotcsnats with eheciyic pialadsng oa thy spherirsl gurfans
at which the satidody may sdnerde  Iu cur 2kampla, wakise o © %, 1% ig pog-
wible &5 t-» 6% o reach the limdtiag provability 4 g 538 0f nopeinfeetivity.
Tnis would iu praciics be uselexsiy smaldl, XA face it there wer: nnly S
cuplasementa oh the witos particle, iutal sovssage wouid coonr vigh L9 DA-
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Lility 1 wigd % abtachmests,  Thus, shile the prasvsasd mcde] v nbl enlice
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Tat vg aov suppose thei the viras ¥ is a bhavieriomisge, und thed 2 z:;”r:;;:‘ie»
antibody stbachuent So its tail wowld prevent ihfec*t.iviw:ya Ve gholl fox
siimplicity conpider the case vhere the general attachment parametar A §
iv of The forn
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Coaunidering =ithsr the detorministic or the siochastic rase,
#& note that 1i? tail mtiechnents arz not distinguished from atiochronts
in other posiiions of thu phags, then the %nif({hﬁ}; of {2.0} or the
provapilitics @ of {2.13) @ill fuily describe the attechment orocess.
If, hoveve~, we wish to distinguish tail attechmenty Prom oheen,
Lhen we mund emcern ourpelvesa with the classes
% n@@S * .
3%1§ . {n};}:_l% {50l 000,81}
é°;3~:§
+f Dasveriophage with O, 1 end a3 total attashments respectively, the
virst oud'fiy position indicating e tail astachment. We gos %hot

D € q n_ .M. . L+ PO
9 e’ oi "Li~l i1°?

Let ua firut examine the dsterainiazic case. Here, the aktashmens

rarssetors agausoiated with Bops B0 {i2),.00,8-)) &re nov in t%: form

TRANBITION PARAMETEF
(@;0) ~» (0,4} “”(")0) )tos o3
(0,4) =>{0,4<!) ($=4-8)) .x ¢ (504
. . ‘ﬁﬂ‘{» ¥
(0,4) 4 ('ﬁ,e) ,_é,é‘_ = o



e

-1 -

EAN

% a .t 3 K
A Y % s S0 o " e e ;
QUL L R SR LT e O Y e LA ¥ (5 e ‘
Al ¢

[

p
:1.1 ). 1]
ey g % LS feet) doom
b < g ¢ N e ¥ n BTSN 7
18,27 tlse =5 s & g“{é v l“ \‘g T £ ooy ©e
——— &
d ] IR :
¥ } :
'
1 N P ‘5‘: 2.8
- Fa s e g A Mok e r . J 7
sl g ow FORITL AW ep belioin, ead o A S ;
4 o A RIS Shal
P .7 b Es L P PR Ln s . “ X H 3
Ur 1oz mathnds <intlar ho Showe o Serdgon 2 fan esot e of Sha
eo af LT Taromn 2oxnat tomy S aax ity Voanad T h
.2 e haEn PR f’“i SRV 1 . ’:"7\.; 5ot -
{5074} g s (f&‘) cra \'f A B o w4y Do i
{35,7%) Y vy 5 i ERp: A T o
0../ 1 ‘\ ro ; e ‘ a D oS L} L
i 2 I"
E , - Py, 0
e se v e P YD) e by SRR
‘J.utw-ﬁé»i SLIRS Enigeme 70 g oo T2L05)0 08 fol s cnerefore, gines
o § :
& Qe
f;a-
- I L NS DU N PRt
- 3 - . R G > f e Aews P ey 3 ¢
'?Y, 5_(",1‘/‘ = '?41{5‘;/; = g oy B - '9{‘3""“7-"‘, Vo THRG -DK
et ‘ { : A4 i



0 . o~
s Lo o Ve tY e 4% 1 { )
B, e Ly e LN} Ga [ :
'\'»l
4 M
L) A .
@
£y P T 3%
= & S ; e
RS W 18 S L
oot &L l?*ﬁ & -

R ‘;
e " (i.,;e' s {::4 A ﬁﬁ ) ?,
Top.gan T T o N g WP 3 °

e
%
o
e
e
[y
H
[\
2
<
-
(2]
g
e
Pt
&
o
I
g

T eam .l e . 3 o 3 Tan - 4 o ay e
Tpmwni oy mog b osouzidered to exnah o

.?;.'m 1
R ST S e o - &
rRterment vhat ts ol Joa,, ¢ AN o
o - *

v, winra e oag, (v} aee st integers, vhen
Pon e
Pl
v 3 (¢
o ._,B’P )
‘) s »
L . o % - N i/ ..m)
l:‘.' ;';‘_ ; o.’f e 13 8 fam ’(}‘\.’g";‘:—ﬂ - h) s ( =g

o the storshartlis cane, 17 we write
$=i

oo 33"91(,, w0 p “’g,gua i- /ﬁ‘ﬂc s f) ('PL *N ZQ'

gr Bz produbilily wnal bhave are od tine & R ? nﬂ;’ ooyl phngea

»

FAER Moo,k nhtushmanty yaspoetively ad other then tail positicne,

Thet ecmping Toe als) the deterwinistie solution (2.8}, we have that

‘-eun

sy dB o N\? SEEREET) LW ”)%R iﬁ«o""’% e, owf‘ﬁ";,,‘f

- s *
3

G.‘!" "s
v, ) S g

e e ef
PN L -v-&) R (1‘%0 R »‘"’,,;"’b ) Pgiop 7 To3-05%: 9"_

'.' Ls,::' ™

oter

i i 1wt < 15 6

B . oty ®
= P W {5t :Kt%"('m»“"}'nét-*l’%io’é) °




-~ 18 -

The generating tunction for these probabilities "y(/ (“o o,c”,um‘l;v;w
" satigfies the partial differential equation

-

o Y 2. o(x{(s-i—f)uo;ﬂw —(s=-6) 44,¢ } ¥,
ot iz0 Qupg

We may write ivn the wiaual wey that

) ) )
'a:g: = djl = A J > auoa o p—————D - ¢ 0o = “‘i--m;.i‘am pors
- » ve -

i 0 0 «X [(S")“oa"‘v $Uga : C(V.gl\’“‘ $@ 05w

s
o * ; = {0 ,or-,0 . ), then
0 thig :.f,g’ Wegrooleguy s

C5 ~(s=1) 1

;

. (3 —1) ~(5~2} P Y

(.8 SR \ v v
t . ~ <

Treating v as o consiont, the solvvion of 3his is sesn o be of the £

uplL - e bant
b (Y e = Constant,

and a% Ynlipws ihar

P\
PR A LS -4 ‘
. . ,'l_ _ ,i« ,,:0 L s U e i.__ ’3 . A;
W tigg e, Wager 3 V3 E) 7 (= (Yovl i:.
subjest o the =pondibion that ‘}[’ 8 4000 2 W s O &y o
fody] I8 ey

Thus 7 =4 3 N
| R AR

Cuu that gloee L‘"'5 X =1 ftor the mazriz L in {L.8},
‘ Lt oy o~ PN

e —wptbIL . ~aplelf; "
‘. 9y A{/ (e o p H"“{&)«n\lk “‘i)?v):’:%(e L id (g.,,vi};je‘f} 5



R . §

~if @Pre L =f .
wheve {r P (U-’r<~! B il indsnates the O-~th element of the solusa
N |.Il t’
vector.
1% nay veadily be shon efter poze masrds ealeulnutions that idha

mof:fo tw of the forn

. l"rj
L h % al g .. ' ety 8 T b= '{ﬁj .
S P8Te); ¥ (.“’, ce e P f.} i :"“;04 ('{f} ¢r ?:9 2

{£} are ¢f the forn

) -.‘..t | ape‘ -y
b, (£} = o NPt feo By s(s-m) (1= 0 MY
{k,31) ,(t) . (5-’“ w(*—a)«rltt“ .-rzs.-"(t)>4
. (4." !)aou)S"'")

whera the hi

hege prodabilities sdd w ko

{hy,22) Z (;Eg})en(ho)&xﬂ( .,ma) e
o 1

"muay for phage vieds, the probability of losa of ind ectwi ty ia givan by

\ N T ,p? p
(4,13} (V2" ‘»}ﬂ = 5”“_;{...‘;;.,...) ?( o
® ’ & Seyne V" S

22 Qontiosing

Purther investigations of move veslistie modelz and their verificetion
in tha lobaratory would be of iaterest. Im the sase of the infiweoza
virus, for example, it ip known thot antibcdics m:i;v bend over to attach

both “heir cnds $o emplaserents oa the same virus parciele. It is elsd

possible for one end of an antibody to be attached to on auplecement

i 155 i Rl oS5

e

2T IR 1 R Kk D

B T PRI . JEL



i,
R RN

a0 one viruM,wnile ifx o

1 £ SRR T LU

packicie; eomgioveratidng U

foemed. Oloaviy,

thon that we hawe cuciied

3oy wildl 2 poscalids, howewee
for ther, sad o draw v2o)mIilintas

ilarly, ©opr bacterropisgs, 3 vodad

aatibedies hAnve Sue ead ackorard

. . .
ay Lhae

r“-l‘r"

TN BT A S
rafelgsuean Yeon

GEALe T auiely

i of

axy 1

yi el

while the ocknee 18 athashed i oo sevesnd phiege 20i Y. Suok 8

i 0ot T35 1AbTLoTOLLS,and % s

20 1t In some work ot pooaedl b

F' Rn*.n i i

PSRNt b S i e A

BARTLET M 3.

GAITY, ..

>

Banieiyaons 2,

e e

paNy, J. ‘."3}6‘;1‘.} SE R AR

| M\V)ﬂ\

om orgaa

SYSVETS ¥, fa932l Beo v o

g fey. Logd. U Al

(YT P AT

TABBKY, D.

P oy . e %, o wu
Q8hP 2 i SRAT

DAMESOIN R M i

p"i"\.

"(‘: ‘,:,\; ,~|

L} T,fl: “

o

RN

o st

DATTROEY GRS

. - ;.,'
¥ FEETCTICAI AR A 7 S (' UK

!
15, V90

P4 n,,.

Y Py R W T

i ‘u\,’:s ’ y

S

YLy

Rt '{’*"&1';‘1}-”;’3 -.93 s - w3 s

b

(R4

.
AR



Security Classification R

DOCUMENT CONTROL DATA - R&D .

{Security classilication of title, body of abatract and indexing annotation must be entered vhen the overall report is u.-..m‘.uj

Department cf Statistics & Probability Not classified

Michigan State University 2b amour

- ORIGINATING ACTIVITY (Corporate author) 22 REPORY SECURITY € LASSIFICATION
1

———rncnd

3. REPORT TITLE
Models for Antibody Attachment to Virus and Bacteriophage

4 DESCRIPTIVE NOTES (Type of report and inclusive dates)
Technical Report

S. AUTHQR(S) (Last nams, firet name, initial)

Gani, J.
R e
6. REPORT DATE 7a. YOTAL NO. OF PAGES 7b. NO. OF REFS
May 1966 20
Ba. CONTRACT OR GRANT NO. 9s. ORIGINATOR'S REPORT NUMBERS)

RM~-158 JG-11

b PROJECY NO.

d. RR 11/JG & .

c. 0. gr.u'l‘:o”lcn? NO(S) (Any other numbers that may be n'nlmoqiv

10 AVAILABILITY/LIMITATION NOTICES

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

None U.f, Office of Naval Research

13. ABSTRACT
Several interesting mathematical problems concerned with parcition

into classes, and surface covering are suggested by the physical mechan-
isms and geometry'of antibody attachment to virus particles. This paper)
outlines some of the recent work done in this area by Yassky (1962), the
author (1965a,and b), Moran and Fazekas de St.Groth (1962) and Gilbert
(1965), adds a model and oﬁher extensions of the author, and concludes
with a suggestion for further investigations. The author has endeaboﬁtéd
throughout to hold the mathematical argument at a simple level, and to -
emphasize the model-builcing aspect of the work, in the hope that
virologists may be tempted to use and perhaps verify experimentally some

of the models put forward,

" Hits

S gt e

DD .%o, 1473




O o

$ecu:ity Classification

of the contractor, subcontractor. grantee, Department of De-
fense activity or other organization (corporate euthor) issuing
the report.

2a. REPORT SE’ "RTY CLASSIFICATION: Enter the over
all security classification of the report. Indicste whiether
‘‘Restricced Data’ is included Marking is to te in accord
ance with appropriste security regulations.

2b. GROUP: Automatic downgrading ie specified in DuD Di-
rective 5200, 10 and Armed Forces Industrial Manmual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Gronp 3 and Group 4 ‘as author-
ized.

2, REPORT TITLE: Enter the complete report title in all
capitai letters. Titles in all cases should be unclsssified.
If 2 meaningful title cannot be selected without classifice
tion, show title classification in ali capitals in parenthesis
immediately {ollowing the title.

4, DESCRIPTIVE NOTES: If sppropriate, enter the type of
report, .., interim, progress, summary, annual, or finel,
Give the inclusive dates when a specific reporting period is
covered. -

5. AUTHOR(S): Enter the name(s) of authot(s) as shown on
ot in the report. Eater last name, first name, middle initial.
If military, stow rank and branch of service. The neme of
the principal «inther is an ubsolute minimum requirement.

€. REPUORT DATL: Enter the date of the report a8 day,
month, year, or month, year. If more than one date sppears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
shonld follow normal pagination procedures, i e, enter the
number of pages containing information

*h, NUMBER OF REFERENCES: Enter the total number of
referonces cited in the raport.

8a. CONTRACT OR GRANT NUNMBER: If sppropriate, enter
the applicable number of the contruct or graat under which
the report was written

85, S, & 84. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

Qs. ORIGINATOR'’S REPORT NUMBER(S): Eater the offi-
cig! raport number by which the document will be identified
and controlled by the origineting activity. This number must
be unique to this report.

9b. OTHER REPORT NUMBER(S): If the report hua been
sssigned any other report numbers (either by the originator

or by the sponsor), aiso enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those,

14. LINK A LINK B LINK C
-2 KEY WORDS ROLE LAJ ROLE LAS RoLE wT
| "
INSTRUCTIONS
1. ORIGINATING ACTIVITY: Enter the name and address imposed by security classification, using standard statements

auch as:

(1) ‘'Qualified requesters may sbtain copies of this

report from DDC."’

“Foreign announcement and digssemination of this
report by DDC is not authorized

“U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

2)
&)

(4) ‘‘U. S. military agencies may obtain copies of this
repert directly frem DD, Other qualified users

shall request through

“All distribution of this report is controlled. Qual-
ified DDC users shall request through

(5)

”
»

If tlie report haw been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, If known

11. SUPPLEMENTARY NOTES: Use for additional explans-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmentsl project office or laboratory sponsoring (pes~
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abetract giving a brief and factual
summary of the document indicative of the report, even though
it may also appear elsewhare in the body of the technical re-

port. If additional space is required, s continuation sheet shall’
be attached.

It is highly desirable that the abstract of classitied reports
be unclassified. Each peregraph of the sbatract :hall end with
an indication of the military security classification of the in-
formation in the paragraph, represented &8 (T3), (3). (C), or (V).

There is no limitation on the length of the abstract. How-
ever, the suggeated length is from 15C to 2285 words.

14. KEY WORDS: Key words are techaically meaningful terms
or short phrasesa that characterise a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Identi-
fleru. such as equipment mode! desixnation, trade name, military
project code name, geographic location, may be used as key
words but will be followed by an indication of technical con-
taxt. The assignment of links, rales, and weights is optional.

"W




